JC18Rec'dPC77PTO 1 9 APR 2001 



I. S.DEPARTMENT OF COMMERCE PATENT AND TRADEMARK OFFICE 



(REV 11-2000) 

TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 



ATTORNEY'S DOCKET NUMBER 

NSG-188US 



U.S. APPLICATION 



INTERNATIONAL APPLICATION NO. 
PCT/JPOO/05442 



INTERNATIONAL FILING DATE 
14 August 2000 (14.08.00) 



PRIORITY DATE CLAIMED 
23 August 1999 (23.08.99) 
25 August 1999 (25.08.99) 



TITLE OF INVENTION 

LIGHT-EMITTING THYRISTOR AND SELF-SCANNING LIGHT-EMITTING DEVICE 



APPLICANT^) FOR DO/EO/US 
Nobuyuki KOMABA and Seiji OHNO 



Applicant herewith submits to the united States Designated/Elected Office (DO/EO/US) the following items and other information: 

1 . This is a FIRST submission of items concerning a filing under 35 U. S.C. 37 1 . 

2. □ This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371 . 

3. £3 This is an express request to begin national examination procedures (35 U.S.C. 371(f)). The submission 

must include items (5), (6), (9) and (21) indicated below. 

4. f~J The US has been elected by the expiration of 19 months from the priority date (Article 3 1). 

5. A copy of the International Application as filed (35 U.S.C. 371(c)(2)) 

a. □ is attached hereto (required only if not communicated by the International Bureau). 

b. 1^ has been communicated by the International Bureau. 

c. □ is not required, as the application was filed in the United States Receiving Office (RO/US). 

6. ^ An English language translation of the International Application as filed (35 U.S.C. 371(c)(2)). 

a. ^ is attached hereto. 

b. □ has been previously submitted under 35 U.S.C. 154(d)(4). 

7 . 3 Amendments to the claims of the International Application under PCT Article 1 9 (3 5 U.S.C. 37 1 (c)(3)) 

a. □ are attached hereto (required only if not communicated by the International Bureau). 

b. □ have been communicated by the International Bureau. 

c. □ have not been made; however, the time limit for making such amendments has NOT expired. 

d. ^ have not been made and will not be made. 

8. □ An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 

9. ^ An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4)). 

10. □ An English language translation of the annexes to the International Preliminary Examination Report under 

PCT Article 36 (35 U.S.C. 371(c)(5)). 

Items 11 to 20 below concern documents(s) or information included: 

An Information Disclosure Statement under 37 U.S.C. 1 .97 and 1 .98. 

An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included. 



11. 


□ 


12. 


El 


13. 


□ 


14. 


□ 


15. 


□ 


16. 


□ 


17. 


□ 


18. 


□ 


19. 


□ 


20. 





Other items or information: Certificate of Mailing by Express Mail and Request 



Page 1 of 2 



II I ft* 



JC02 Rsc'd PCT/PTO 1 9 APR 2001 



09/830036 



DESCRIPTION 



LIGHT-EMITTING THYRI STOR 
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TECHNICAL FIELD 



The present invention relates to a light-emitting 
thyristor whose luminous efficiency is improved and a self- 
scanning light -emitting device using such light-emitting 
thyristors . 



A surface light-emitting thyristors has been disclosed 
in the Japanese Patent Publication No. 2-14584, and an end- 
surface light-emitting thyristor in the Japanese Patent 

15 Publication No. 9-85985. The fundamental structure of a 
surface light-emitting thyristor and that of a end-surface 
light-emitting are substantially the same, and AlGaAs (Al 
composition is 0.35, for example) layers are epitaxially 
grown on a GaAs buffer layer formed on a GaAs substrate, for 

20 example. 

Fig.l is a schematic cross-sectional view depicting a 
fundamental structure of a light-emitting thyristor. As 
shown in Fig.l, on a p-type GaAs substrate 10 successively 
stacked are a p-type GaAs buffer layer 12, a p-type AlGaAs 

25 layer 14, an n-type AlGaAs layer 16, a p-type AlGaAs layer 18, 
and an n-type AlGaAs layer 20. On the AlGaAs layer 20 
provided is a cathode electrode 22, and on the AlGaAs layer 
18 a gate electrode 24. An anode electrode 26 is provided on 
the bottom surface of the GaAs substrate 10. 

30 In this example, a p-type layer, an n-type layer, a p- 
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type layer, and an n-type layer are stacked in this order on 
a p-type GaAs substrate via a buffer layer. However, an n- 
type layer, an p-type layer, an n-type layer, and a p-type 
layer may be stacked in this order on an n-type GaAs 
5 substrate via a buffer layer, in this case the uppermost 
electrode is an anode one, and the bottommost electrode is a 
cathode one. 

In the above-described publications, the inventors of 
this application have already disclosed a self-scanning 

10 light-emitting device structured by arranging such light- 
emitting thyristors in an array, a self -scanning function 
thereof being implemented by providing a suitable interaction 
between neighbored thyristors in the array. The publications 
have further disclosed that such self-scanning light-emitting 

15 device has a simple and compact structure for a light source 
of a printer, and has smaller arranging pitch of thyristors 
in the array. 

In the light-emitting thyristor having such structure 
described-above, Al composition is largely varied, for 

20 example from 0 to 0.35, at the interface between the GaAs 
buffer layer and the AlGaAs layer on the buffer layer. Such 
rapid variation of Al composition causes the turbulence of 
lattices or the large variation of energy bands at the 
interface, while the variation of lattice constants is small. 

25 As a result, a lattice-mismatching at the interface become 
large, thereby causing a dislocation. Also, an energy gap at 
the interface is increased, so that the deformation of energy 
bands is made large. 

Therefore, for the light -emitting thyristor fabricated 

30 by growing the AlGaAs layer on the GaAs substrate interposing 
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the GaAs buffer layer therebetween, there are problems such 
that a device property is degraded due to the increase of a 
threshold current and a holding current. This is because 
lattice deffects due to a lattice-mismatching at the 
5 interface between the GaAs buffer layer and the AlGaAs layer 
are induced/ and an unclear impurity level is formed at the 
interface. There are also problems such that an external 
quantum efficiency is decreased, resulting in the reduction 
of the amount of emitted light. This is because defects 

10 which serve as "carrier killers" are generated in the 
vicinity of the interface. 

As shown in Fig. 2 wherein like elements are indicated by 
like reference numerals used in Fig.l, an n-type GaAs layer 
28 may be provided on an n-type AlGaAs layer 20 in a 

15 conventional light -emitting thyristor. In this manner, GaAs 
is used as the material of the uppermost layer for the 
facility of making ohmic contact with an electrode and the 
simplicity of material. Since the wave length of emitted 
light is about 780nm, the light is absorbed during passing 

20 through the uppermost layer (GaAs layer) 2 8 so that the 
amount of light to be emitted is decreased. 

In order to reduce the light absorption by the GaAs 
layer 28, the thickness of the layer is needed to be thinner. 
However, if the layer is thinner, additional problems are 

25 caused. That is, alloying of electrode material and GaAs by 
a heat processing is reguired to from an ohmic electrode, and 
atoms migrate for a long distance during the heat processing, 
as a result of which the alloyed area of electrode material 
is reached to the AlGaAs layer 20 under the GaAs layer 28. 

30 This causes the turbulence of crystalline of AlGaAs, 
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resulting in the scattering of light. 

Fig. 3 is a graph showing a light absorption spectrum of 
an n-type GaAs layer at 297K, wherein ordinate designates an 
absorption coefficient a and abscissa a photon energy. The 
5 amount of absorbed light is represented by the following 
formula . 

l-e -£rt (t ; film thickness) 
It is noted from this graph that the absorption 
coefficient for the light of 780nm wave length is about 1.5X 

10 10 4 . Assuming that the film thickness "t" is 0.02//m, it is 
understood that the amount of emitted light is decreased by 
3-4% by calculating the amount of absorbed light based on the 
above formula. The amount of absorbed light will be further 
reduced, if the turbulence of atomic arrangement is caused 

15 due to the fluctuation of film thickness and the alloying, 
and the variation of composition. 

Fig. 4 shows a light-emitting thyristor in which a GaAs 
buffer layer 12 is provided on a GaAs substrate 10, and a 
GaAs layer 28 is used as a topmost layer. In the figure, 

20 like element are indicated by like reference numerals used in 
Figs.l and 2. 

In general, a light -emitting thyristor having a pnpn 
structure is considered to be the combination of a pnp 
transistor 44 on the substrate side and an npn transistor 46 

25 on the opposite side to the substrate, as shown in Fig. 5. An 
anode corresponds to an emitter of the pnp transistor 44, a 
cathode an emitter of the pnp transistor 46, and a gate a 
base of the pnp transistor 46, respectively. The holding 
current of the thyristor is determined by the combination of 

30 current amplification factors of respective transistors 44 
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and 46. In order to decrease the holding current, it is 
required to increase current amplifying factors a of 
respective transistors. A current amplifying factor a is 
given by the multiplication of an emitter injection 
5 efficiency y , a transport efficiency j3 , a collector 
junction avalanche multiplication factor M, and a specific 
collector efficiency a *. In order to increase an emitter 
injection efficiency y , the impurity concentration of the 
emitter is designed to be higher that of the base. 

10 The diffusion speed of Zn which is a p-type impurity is 

very fast, so that Zn is diffused into an n-type 
semiconductor layer to compensate an n-type impurity. 
Therefore, if Zn concentration of the anode layer (the GaAs 
layer 12 and the AlGaAs layer 14) is higher than Si impurity 

15 concentration of the n-type gate layer (the AlGaAs layer 16), 
then most of Si in the vicinity of the interface between the 
anode layer and the gate layer is compensated to decrease a 
transport efficiency (3 of the transistor. Also, non- 
luminescent center is generated, causing the reduction of the 

20 luminous efficiency of the thyristor. 

DISCLOSURE OF INVENTION 
An object of the present invention is to provide a 
light-emitting thyristor in which the luminous efficiency 
25 thereof is improved, the thyristor being fabricated by 
growing AlGaAs layers on a GaAs buffer layer formed on a GaAs 
substrate. 

Another object of the present invention is to provide a 
light-emitting thyristor using GaAs for the material of the 
30 uppermost layer, in which the luminous efficiency thereof is 
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improved . 

Still another object of the present invention is to 
provide a light-emitting thyristor including Zn impurity in 
an n-type gate layer, in which the luminous efficiency 
5 thereof is improved. 

A further object of the present invention is to provide 
a self-scanning light-emitting device using such light- 
emitting thyristors. 

An aspect of the present invention is a light-emitting 

10 thyristor in which a p-type AlGaAs layer and an n-type AlGaAs 
layer are alternately stacked to form a pnpn structure on a 
GaAs buffer layer formed on a GaAs substrate. Al composition 
of the AlGaAs layer on the GaAs buffer layer is increased in 
steps or continuously. 

15 According to this light- emitting thyristor, an Al 

composition of said AlGaAs layer is gradually varied, so that 
the lattice defects such as dislocation due to lattice- 
mismatching at the interface between the GaAs buffer layer 
and the AlGaAs layer may be decreased, and the extreme 

20 deformation of an energy band at the interface may be 
softened. 

It is also useful that a single or multi quantum well 
layer, or a strained superlattice structure is inserted in 
place of gradual variation of Al composition. In this case, 
25 if a quantum well layer or a superlattice layer having a high 
reflectivity is used, the light toward the substrate is 
reflected by the quantum well layer or the superlattice layer, 
thus increasing the amount of emitted light. 

When a misfit dislocation is caused in the AlGaAs layer 
30 in which Al composition is varied in steps or continuously, a 
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quantum well layer or a strained superlattice structure may 
be inserted into the AlGaAs layer in order to block the 
propagation of the misfit dislocation. 

According to a second aspect of the present invention, 
5 the light absorption by the topmost layer may be decreased by 
utilizing a material such as InGaP, InGaAsP, or AlGalnP 
having a absorption edge wave length shorter than 780nm. It 
is desirable that this material is lattice matched with the 
GaAs substrate. As a result, an external quantum efficiency 

10 may be increased because the light absorption by the topmost 
layer is decreased. 

According to a third aspect of the present invention, an 
impurity concentration of at least a part of an anode layer 
near an n-type gate layer is lower than an impurity 

15 concentration of the n-type gate layer in a pnpn structure 
light- emitting thyristor. Where a p-type first layer, a p- 
type second layer, an n-type third layer, a p-type fourth 
layer, an n-type fifth layer, and an n-type sixth layer are 
epitaxially grown on a p-type substrate, for example, such 

20 light-emitting thyristor is composed of the combination of a 
pnp transistor on the substrate side and an npn transistor on 
the opposite side to the substrate. 

According to the present invention, each impurity 
concentration of the first and second layer is equal to or 

25 smaller than that of the third layer to limit a impurity 
diffusion from the first and second layer to the third layer. 
Since an emitter-base junction of a pnp transistor is a 
hetero junction, even if an impurity concentration of an 
emitter is lower than that of a base, an emitter injection 

30 efficiency is not affected and is held to about 1. 
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Using light-emitting thyristors described above, a self- 
scanning light-emitting device of the following structure may 
be implemented. 

A first structure of the self-scanning light-emitting 
5 device comprises a plurality of light-emitting elements each 
having a control electrode for controlling threshold voltage 
or current for light-emitting operation. The control 
electrodes of the light -emit ting elements are connected to 
the control electrode of at least one light -emitting element 

10 located in the vicinity thereof via an interactive resistor 
or an electrically unidirectional element , and a plurality of 
wirings to which voltage or current is applied are connected 
to electrodes for controlling the light emission of light- 
emitting elements. 

15 A second structure of the self -scanning light-emitting 

device comprises a self-scanning transfer element array 
having such a structure that a plurality of transfer elements 
each having a control electrode for controlling threshold 
voltage or current for transfer operation are arranged, the 

2 0 control electrodes of the transfer elements are connected to 
the control electrode of at least one transfer element 
located in the vicinity thereof via an interactive resistor 
or an electrically unidirectional element, power-supply lines 
are connected to the transfer elements by electrical means, 

25 and clock lines are connected to the transfer elements; and a 
light-emitting element array having such a structure that a 
plurality of light-emitting elements each having a control 
electrode for controlling threshold voltage or current are 
arranged, the control electrodes of the light-emitting 

30 element array are connected to the control electrodes of said 



9 



transfer elements by electrical means, and lines for applying 
current for light emission of the light-emitting element are 
provided . 

According to the structures described above, an 
5 increased luminous efficiency, high-density, compact and low- 
cost self scanning light-emitting device may be implemented. 

BRIEF DESCRIPTION OF DRAWINGS 
Fig.l is a schematic cross-sectional view of a 
10 conventional light-emitting thyristor having a buffer layer. 

Fig. 2 is a schematic cross-sectional view of a 
conventional light-emitting thyristor using a GaAs layer as a 
topmost layer. 

Fig. 3 is a graph showing a light absorption spectrum of 
15 an n-type GaAs layer. 

Fig. 4 is a schematic cross-sectional view of a 
conventional light-emitting thyristor. 

Fig. 5 is an equivalent circuit diagram of the thyristor 
shown in Fig. 4. 

20 Fig. 6 is a schematic diagram showing a first embodiment 

of the present invention. 

Fig. 7 is a schematic diagram showing a second embodiment 
of the present invention. 

Fig. 8 is a circuit diagram of a characteristic 
25 estimating circuit for a light-emitting thyristor. 

Fig. 9 is a graph showing a measured threshold current. 
Fig. 10 is a graph showing a measured holding current. 
Fig. 11 is a schematic diagram showing a third embodiment 
of the present invention. 
30 Figs. 12 and 13 are schematic diagrams showing a fourth 
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embodiment of the present invention. 

Fig. 14 is a schematic diagram showing a fifth embodiment 
of the present invention. 

Fig. 15 is a graph showing a photoluminescence intensity 
5 of inGaP. 

Fig. 16 is a graph showing a light absorption spectrum of 
In 0 . 5 Ga 0 . 5 P layer. 

Fig. 17 is a circuit diagram of a light output measuring 
circuit. 

10 Fig. 18 is a composition diagram of inGaAs. 

Fig. 19 is a graph illustrating the relationship between 
a lattice constant and an energy gap of AlGalnP. 

Fig. 20 is a graph showing current-light output 
characteristics . 

15 Fig. 21 is a schematic diagram showing a seventh 

embodiment of the present invention. 

Fig. 22 is an equivalent circuit diagram of a first 
fundamental structure of the self-scanning light-emitting 
device . 

20 Fig. 23 is an equivalent circuit diagram of a second 

fundamental structure of the self-scanning light-emitting 
device. 

Fig. 24 is an equivalent circuit diagram of a third 
fundamental structure of the self-scanning light-emitting 
25 device. 



BEST MODE FOR CARRYING OUT THE INVENTION 
The embodiments of the present invention will now be 
described with reference to drawings . 
30 First Embodiment 
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Referring to Fig. 6, there is shown an embodiment of the 
present invention wherein the problems in the conventional 
thyristor shown in Fig.l may be resolved. In Fig. 6, A^Ga^ 
^As layer is epitaxially grown on a GaAs substrate 10 in such 
5 a manner that Al composition x is increased in steps from 0 
(GaAs) to 0.35. Since the method of epitaxial growth is 
identical independent of the types of conductivity (n-type or 
p-type) of GaAs and AlGaAs, the embodiment will be 
illustrated without distinguishing the conductivity type. 

10 AlGaAs layer is epitaxially grown on the GaAs buffer 

layer 12 by varying the supply flow rate of Al in such a 
manner that Al composition is varied at 0, 0.1, 0.2, 0.3, 
0.35, for example. That is, a GaAs layer 12 having Al 
composition of 0, an AlGaAs layer 50-1 having Al composition 

15 of 0.1, an AlGaAs layer 50-2 having Al composition of 0.2, an 
AlGaAs layer 50-3 having Al composition of 0.3, and an AlGaAs 
layer 50-4 having Al composition of 0.35 are epitaxially 
grown successively. 

Four AlGaAs layers 50-1, 50-2, 50-3 and 50-4 that Al 

20 compositions are increased in steps correspond to the layer 
14 in Fig.l. In this case, the total film thickness from the 
GaAs buffer layer 12 to AlGaAs layer 50-4 is determined by a 
containment efficiency of carriers. 

The processing steps hereinafter is the same as the 

25 conventional steps in Fig.l. Then, AlGaAs layers having Al 
composition of 0.35, respectively, are epitaxially grown 
hereinafter. 

Second Embodiment 
30 Referring to Fig. 7, there is shown a second embodiment 
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of the present invention wherein the problems in the 
conventional thyristor shown in Fig.l is also resolved. In 
Fig. 7, Al x Ga 1 _ x As layer is epitaxially grown on a GaAs buffer 
layer 12 in such a manner that the composition x of Al is 
5 continuously increased from 0 to 0.35. Such modification of 
Al composition is implemented by varying continuously at 
least one of supply flow rates of Al and Ga. 

In this manner, on the GaAs buffer layer 12 just above 
the GaAs substrate 10, formed is an AlGaAs layer 52-1 having 

10 an Al composition varied from 0 to 0.35, and then an AlGaAs 
layer 52-2 having an Al composition of 0.35. 

These two AlGaAs layers 52-1 and 52-2 are corresponding 
to the AlGaAs layer 14 in Fig.l. In this case, the total of 
film thickness from the GaAs buffer layer 12 to AlGaAs layer 

15 52-2 is determined by a containment efficiency of carriers. 

The steps hereinafter is the same as the conventional 
steps in Fig.l. Then, AlGaAs layers having Al composition of 
0.35, respectively, are epitaxially grown hereinafter. 

According to the present embodiments wherein an Al 

20 composition is continuously varied, the lattice defects such 
as dislocation due to lattice-mismatching at the interface 
between the GaAs buffer layer and the AlGaAs layer may be 
decreased, and the extreme deformation of an energy band at 
the interface may be softened. As a result, an adverse 

25 effect with respect to the device characteristic is reduced. 

A threshold current, holding current, and light output 
of the light-emitting thyristors of the first and second 
embodiments are measured by the following method as 
illustrated in Fig. 8. An anode electrode 62, a cathode 

30 electrode 64, and gate electrode 66 of a light-emitting 
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thyristor 66 are connected to a constant current source 68 
and a constant voltage source 70 as shown in Fig. 8. In this 
characteristic estimating circuit, a cathode voltage V k and a 
gate current I g were measured by varying an output current l k 
5 of the constant current source 68. A typical example of 
measurements is shown in a graph of Fig. 9. A maximum current 
just before the gate current I g was reversed from up to down 
was considered as a threshold current. A cathode voltage V k 
was also measured by varying the output current l k which is 

10 equal to a cathode current of the thyristor 60. A typical I fc - 
V k characteristic is shown in a graph of Fig. 10. The holding 
current was defined as a current wherein the cathode voltage 
was over a constant value (e.g., 0.2V). The light output in 
the case when the gate electrode was connected to the anode 

15 electrode through a resistor and the output current I k was 
set to a suitable value (e.g., 13mA), was measured by a 
photodiode . 

Fifteen- twenty thyristors of the first or second 
embodiment were measured as to the threshold current, holding 
20 current , and light output. Compared with the conventional 
thyristor shown Fig.l, the threshold current was decreased by 
about 20% in average, the holding current was decreased by 
about 15% in average, and the light output was increased by 
about 10% in average. 

25 

Third Embodiment 

Referring to Fig. 11, there is shown a third embodiment 
of the present invention wherein the problems in the 
conventional thyristor shown in Fig.l is also resolved. In 
30 Fig. 11, a quantum well layer 72 is formed on the GaAs buffer 
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layer 12 just above the GaAs substrate 10. On the layer 72, 
the AlGaAs layer 14, AlGaAs layer 16, ... are epitaxially grown 
in the same manner as in Fig.l. The quantum well layer 72 
serves as same as the AlGaAs layer wherein Al composition is 
5 increased in steps in the first embodiment or the AlGaAs 
layer wherein Al composition is continuously increased in the 
second embodiment. As a result, the lattice defects such as 
dislocation due to lattice-mismatching at the interface 
between the GaAS buffer layer and the AlGaAs layer may be 

10 decreased, and the extreme deformation of an energy band at 
the interface may be softened. 

Alternatively, a quantum well layer may be inserted into 
the AlGaAs layer 14 in place of providing the quantum well 
layer between the GaAs buffer layer 12 and AlGaAs layer 14. 

15 Also, a strained superlattice structure may be used in place 
of the quantum well layer, resulting in the same effect as 
that in the quantum well layer. 

Fourth Embodiment 

20 In the AlGaAs layer wherein Al composition is varied in 

steps or continuously, there is a problem in that misfit 
dislocation caused by lattice-mismatching propagates through 
the AlGaAs layer and reaches the upper layer, thus adversely 
affecting the characteristic of the thyristor. Embodiments 

25 will now be described in which the propagation of such misfit 
dislocation is reduced or blocked. 

In an embodiment shown in Fig. 12, a quantum layer or 
strained superlattice structure 74 is inserted into the 
AlGaAs layer 50-4 in Fig. 6. The propagation of the misfit 

30 dislocation may be blocked by means of the quantum layer or 
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strained superlattice structure 74. 

In an embodiment shown in Fig. 13, a quantum layer or 
strained superlattice structure 7 6 is inserted into the 
AlGaAs layer 52-2 in Fig. 7. The propagation of the misfit 
5 dislocation may be blocked by means of the quantum layer or 
strained superlattice structure 76. 

Fifth Embodiment 

Fig. 14 is a schematic cross sectional view of a light - 

10 emitting thyristor of the present invention/ in which the 
problems in the conventional thyristor using a GaAs layer for 
a topmost layer as shown in Fig. 2 is resolved. The structure 
of the embodiment is substantially the same as that of the 
conventional thyristor shown in Fig. 2, except that the 

15 topmost GaAs layer is replaced by a layer 80 consisting of 
InGaP which is lattice-matched with the GaAs substrate. 

In^a-Ga^ is lattice-matched with GaAs, when the 
composition x is about 0.5. When InGaP is grown by means of 
MOCVD, trimetyl indium (TMI) is used for In component, 

20 trimetyl gallium (TMG) for Ga component, and phosphine for P 
component. Since the growth conditions of InGaP depend upon 
the structure of a reactor, the setting of growth conditions 
is required so as to obtain the desired composition x, i.e., 
0.5. A growth temperature is in a range of 600-700°C, when a 

25 low pressure growth method is used. Mole ratio (TMG /TMI ) of 
TMG and TMI both of them being material for III Group 
components is determined, assuming that said mole ratio is 
proportional to a mixed crystal ratio(x/l-x) . Selenium is 
used as a dopant for obtaining an n-type InGaP, hydrogen 

30 selenide being utilized for selenium component. 
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A sample in which a single layer of InGaP was grown on a 
GaAs substrate was prepared for estimating an optical 
characteristic. Fig. 15 shows a photoluminescence intensity 
of In 0 5 Ga 0 . 5 P layer measured at a room temperature. A central 
5 wave length of emitted light is about 660nm. Fig. 16 shows a 
light absorption spectrum of said In 0 . 5 Ga 05 P layer in 
comparison with that of the GaAs layer shown in Fig. 3. The 
absorption edge wave length of ln 0 . 5 Ga 0>5 P is about 650nm 
(0.9ev) and the absorption coefficient for the light of 780nm 

10 wave length is lower than 10cm" 1 , which is sufficiently 
smaller than the absorption coefficient 1.5Xl0 4 cm -1 of GaAs. 

Said InGaP layer is used as the uppermost cathode layer 
when a light -emitting thyristor is fabricated. The growth 
method of the InGaP layer is the same way as described above, 

15 and the other processes are substantially the same as that 
has been disclosed as to the thyristor using a GaAs layer. 
Also, in order that a cathode electrode makes ohmic contact 
with the InGaP layer, AuGeNi is used for the material of the 
cathode electrode. 

20 To measure the light output of the thyristor, a constant 

current source and resistors are connected to the thyristor 
as shown in Fig. 17. The gate electrode 84 is connected to 
the anode electrode 88 through the resistor 86, and the 
constant current source 92 is connected between the anode 

25 electrode 88 and the cathode electrode 90. The light output 
of the thyristor was measured under the constant cathode 
current (e.g., 10mA) by means of a photodiode. 

The resulting light output was increased by about 3% in 
average compared with the typical value of the conventional 

30 thyristor. This shows that the light absorption by the 
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In 05 Ga 05 P layer is negligibly small. 

In the case where In^GaxAs^yPy is used for the material 
of the uppermost layer, an absorption coefficient may be 
caused to be small by using the compositions x and y on a 
5 large absorption end energy side, respectively. For 
illustrating this, a composition diagram of In^Ga^s^yPy is 
shown in Fig. 18. In the figure, a solid line designates a 
contour of energy gap Eg, and a dotted line a contour of 
lattice constant. According to this composition diagram, a 

10 line 100 designating an absorption energy of 1.6eV 
corresponds to a 780nm wave length of emitted light, and a 
lattice constant of 5.65 A corresponds to that of GaAs. 
Therefore, it is apparent from Fig. 18 that an absorption 
coefficient may be decreased by using a composition on a high 

15 energy side from the dot 102 within compositions having a 
lattice constant equal to that of GaAs. 

In the case where Al x Ga y Ini._ x _ y P is used for the material 
of the uppermost layer, it is required to select each 
composition x or y so that AlxGaylnj^.yP is lattice matched 

20 with GaAs. Fig. 19 is a graph for illustrating the 
relationship between a lattice constant and an energy gap of 
AlGalnP. In the figure, ordinate designates a lattice 
constant and obscissa an energy gap Eg. A shaded area 104 
shows a composition region in which Al^ayln^.^ may be 

25 formed, and the composition indicated by a solid line 106 
within said composition region is lattice matched with GaAs. 
In this composition, the energy gap is sufficiently larger 
with respect to a wave length of 780nm, then an absorption 
coefficient is considered to be sufficiently smaller compared 

30 with that of GaAs. 
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Sixth Embodiment 

The embodiment of the present invention will now be 
described, in which the problems caused in the conventional 
5 thyristor shown in Fig . 4 . 

The light-emitting thyristor was fabricated, in which 
only each concentration of the p-type GaAs layer 12 and the 
p-type AlGaAs layer 14 in the structure of Fig. 4 was varied. 
A table 1 shows the kind of material, the film thickness, the 
10 type of impurity, and the concentration of impurity of each 
layer and the substrate. 

Table 1 
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Layer 


Material 


Thick, 
(nm) 


Impurity 


Impurity 

Concentration (atom/ cm 3 ) 


Nal 


No. 2 


No. 3 


Na4 


Layer 28 


GaAs 


30 


S i 


3X10 18 


3X10 18 


3X10 18 


3X10 18 


Layer 20 


Al 0 . 3Ga 0 . 7AS 


500 


S i 


3X10 18 


3X10 18 


3X10 18 


3X10 18 


Layer 18 


Alo. i3Ga 0 . 87-A.s 


800 


Zn 


1X10 17 


1X10 17 


1X10 17 


1X10 17 


Layer 16 


Alo. i3^ao. 87AS 


200 


S i 


1X10 18 


1X10 18 


1X10 18 


1X10 18 


Layer 14 


Al 0 . 3 G ao. 7AS 


500 


Zn 


2X10 17 


2X10 18 


5X10 17 


1X10 18 


Layer 12 


GaAs 


500 


Zn 


2X10 17 


2X10 18 


5X10 17 


1X10 18 


Substrate 10 


GaAs 




Zn 











The substrate 10 is composed of GaAs, and the impurity 
therein is Zn. The buffer layer 12 is composed of GaAs with 

25 500nm thickness, and the impurity therein is Zn. The anode 
layer 14 is composed of Al 0 . 3 Ga 0 . 7 As with 500nm thickness, and 
the impurity therein is Zn. The n-type gate layer 16 is 
composed of Al 0-13 Ga 0 . 87 As with 200nm, and the impurity therein 
is Si. The p-type gate layer 18 is composed of Al 0 . 13 Ga 0 . 87 As 

30 with 800nm thickness, and the impurity therein is Zn. The 
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cathode layer 20 is composed of Al 0 3 Ga 0 7 As with 500nm 
thickness, and the impurity therein is Si. The ohmic contact 
layer 28 is composed of GaAs with 30nm thickness, and the 
impurity therein is Si. 
5 Four types of impurity concentration, i.e., Nos.1-4 were 

prepared as shown in Table 1. Nos.1-4 impurity concentration 
in each of the four layers 16, 18, 20, 28 are the same. That 
is, Si impurity concentration of the layer 16 is 1 X 10 18 /cm 3 , 
Zn impurity concentration of the layer 18 is IX 10 17 /cm 3 , Si 

10 impurity concentration of the layer 20 is 3Xl0 18 /cm 3 , and Si 
impurity concentration of the layer 28 is 3X10 18 /cm 3 . 

On the other hand, each Zn impurity concentration of the 
layers 12 and 14 in No.l is 2 X 10 17 /cm 3 , each Zn impurity 
concentration of the layers 12 and 14 in No. 2 is 2 X 10 18 /cm 3 , 

15 each Zn impurity concentration of the layers 12 and 14 in 
No. 3 is 5Xio 17 /cm 3 , and each Zn impurity concentration of the 
layers 12 and 14 in No. 4 is lX10 18 /cm 3 . 

Apparent from the above, each impurity concentration of 
the layers 12 and 14 is not lower than that Si impurity 

20 concentration of the layer 16 in Nos.2 and 4. 

For the light-emitting thyristors each having impurity 
concentration of Nos.1-4, the current-light output 
characteristics were measured, respectively. The resulting 
current-light output characteristics are shown in Fig. 20. 

25 The light-emitting thyristor of No.l wherein each Zn 
concentration of the layers 12 and 14 is sufficiently lower 
than Si concentration of the layer 16 has the highest amount 
of emitted light. The thyristor of No. 3 has the next higher 
amount of emitted light. On the other hand, the thyristors 

30 of No. 4 and No. 2 wherein each Zn concentration of the layers 
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12 and 14 is equal to or lower than Si concentration of the 
layer 16 have the lower amount of emitted light. Therefore, 
it is noted that the luminous efficiency of the thyristor is 
not decreased, in which each Zn concentration of the layers 
5 12 and 14 is set so as to be lower than Si concentration of 
the layer 16. This is because the impurity diffusion from 
the layers 12 and 14 to the layer 16 is limited. 

Seventh Embodiment 

10 In the sixth embodiment described above, it is made 

apparent that the advantageous effect may be obtained by 
lowering each impurity concentration of the layers 12 and 14 
than that of the layer 16. However , the lowering of each 
impurity concentration of the layers 12 and 14 increases each 

15 resistance of these layers, having an effect on the 
characteristic of the thyristor. In order to avoid this, the 
layer 14 in the sixth embodiment is divided into two layers 
14-1 and 14-2 as shown in Fig. 21. In this thyristor, the 
impurity concentration of each layer is set as shown in Table 

20 2. The impurity concentration of the upper layer 14-2 of two 
divided layers is set to lower concentration, i.e., 2 X 
10 16 /cm 3 , and that of the lower layer 14-1 is set to 2 X 
10 18 /cm 3 . Each impurity concentration of another layers is 
the same as in the sixth embodiment. 

25 An impurity concentration of each layer after growing 

was measured by a secondary ion mass spectroscopy, the result 
(measured concentration) of which is also shown in Table 2. 
According to the measuring result, it is noted that the 
impurity concentration of the upper layer 14-2 was 4 X 10 17 /cm 3 

30 larger than the set concentration (2 X 10 16 /cm 3 ). This is 
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because Zn was diffused from the lower layer 14-1 to the 
upper layer 14-2 during growing the upper layer. 

The current-light output characteristic of the thyristor 
according to this embodiment was similar to that of No.l case 
5 of the sixth embodiment. Therefore , it is noted that there 
is an effect when the impurity concentration of the part of 
the layer 14 near the layer 16 is low. 

Table 2 
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Layer 


Material 


Thick, 
(nm) 


Impurity 


Impurity 

Concentration (atom/ cm 3 ) 


Set 


Measured 


Layer 28 


Ga As 


30 


S i 


3 X 1 0 18 


3X1 0 18 


Layer 20 


Al 0 . 3Ga 0 . 7AS 


500 


S i 


3X10 18 


3X1 0 18 


Layer 18 


Alo. i3Gao. 87As 


800 


Zn 


1X10 17 


IX 1 o 17 


Layer 16 


Alo. i3Ga 0 . 87As 


200 


S i 


3X1 0 18 


3X1 0 18 


Layer 14-2 


Al 0 . 3Ga 0 . 7AS 


100 


Zn 


2X10 16 


4X10 17 


Layer 14—1 


Al<x 3Gao. 7AS 


400 


Zn 


2X10 18 


2X1 0 18 


Layer 12 


Ga As 


500 


Zn 


2X10 18 


2X1 0 18 


Substrate 10 


Ga As 











20 While a p-type substrate is used in the sixth and 

seventh embodiments, an n-type substrate may be used. In 
this case, the impurity concentration of the anode layer may 
be lower than that of an n-type gate layer. Also, while the 
embodiments are illustrated for an impurity Zn which may be 

25 easily diffused, the present invention may be applicable to 
another kind of impurities for the fifth and sixth layers. 



Eighth Embodiment 

Three fundamental structures of self-scanning light- 
30 emitting device to which the light-emitting thyristor of the 
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present invention can be applied will now be described. 

Fig. 22 shows an equivalent circuit diagram of a first 
fundamental structure of the self-scanning light -emitting 
device. According to the structure, light-emitting 

5 thyristors ••• T_ 2 , T_ x , T 0 , T +1 , T +2 — are used as light-emitting 
elements, each of thyristors comprising gate electrodes ••• G_ 2 , 
d, G 0 , G +1 , G +2 '", respectively. Supply voltage V GK is applied 
to all of the gate electrodes via a load resistor R L , 
respectively. The neighboring gate electrodes are 

10 electrically connected to each other via a resistor R x to 
obtain interaction. Each of three transfer clock ( $ lf <j> 2 , 
<f> 3 ) lines is connected to the anode electrode of each light- 
emitting element at intervals of three elements (in a 
repeated manner) . 

15 The operation of this self -scanning light-emitting 

device will now be described. Assume that the transfer clock 
$3 is at a high level, and the light-emitting thyristor T 0 is 
turned on. At this time, the voltage of the gate electrode 
G 0 is lowered to a level near zero volts due to the 

20 characteristic of the light-emitting thyristor. Assuming 
that the supply voltage V GK is 5 volts , the gate voltage of 
each light-emitting thyristor is determined by the resistor 
network consisting of the load resistors R L and the 
interactive resistors R x . The gate voltage of a thyristor 

25 near the light-emitting thyristor T 0 is lowered most, and the 
gate voltage V(G) of each subsequent thyristor rises as it is 
remote from the thyristor T 0 . This can be expressed as 
follows : 

V(G 0 )<V(G +1 )=V(G_ 1 )<V(G +2 )=V(G_ 2 ) (1) 

30 The difference among these voltages can be set by properly 
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selecting the values of the load resistor R L and the 
interactive resistor R x . 

It is known that the turn-on voltage V ON of the light- 
emitting thyristor is a voltage that is higher than the gate 
5 voltage V(G) by the diffusion potential V dif of pn junction as 
shown in the following formula. 

V ON "V(G)+v dif (2) 

Consequently / by setting the voltage applied to the anode to 
a level higher than this turn-on voltage V 0N , the light - 
10 emitting thyristor may be turned on. 

In the state where the light-emitting thyristor T 0 is 
turned on, the next transfer clock (j) 1 is raised to a high 
level. Although this transfer clock 0 1 is applied to the 
light-emitting thyristors T +1 and T_ 2 simultaneously, only the 
15 light-emitting thyristor T +1 can be turned on by setting the 
high-level voltage V H of the transfer clock <t> x to the 
following range. 

V(G_ 2 )+V dif >V H >V(G +1 )+V dif (3) 

By doing this, the light-emitting thyristors T 0 and T +1 
20 are turned on simultaneously. When the transfer clock <fi 3 is 
lowered to a low level, the light-emitting thyristors T 0 is 
turned off, and this completes transferring ON state from the 
thyristor T 0 to the thyristor T +1 . 

Based on the principle described above, the ON state of 
25 the light-emitting thyristor is sequentially transferred by 
setting the high-level voltage of the transfer clocks <t> r , (j> 2 
and <t> 3 in such a manner as to overlap sequentially and 
slightly with each other. In this way, the self -scanning 
light-emitting device according to the present invention is 
30 accomplished. 
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Fig. 23 shows an equivalent circuit diagram of a second 
fundamental structure of the self-scanning light-emitting 
device. This self -scanning light-emitting device uses a 
diode as means for electrically connecting the gate 
5 electrodes of light-emitting thyristors to each other. That 
is, the diodes ••• D_ 2/ D_ lf D 0 , D +1 ••• are used in place of the 
interactive resistors R x in Fig. 22. The number of transfer 
clock lines may be only two due to the unidirectional of 
diode characteristics, then each of two clock ( $ 1 , <ji 2 ) 

10 lines is connected to the anode electrode of each light- 
emitting element at intervals of two elements. 

The operation of this self-scanning light-emitting 
device will now be described. Assuming that as the transfer 
clock 4> 2 is raised to a high level, the light-emitting 

15 thyristor T 0 is turned on. At this time, the voltage of the 
gate electrode G 0 is reduced to a level near zero volts due 
to the characteristic of the thyristor. Assuming that the 
supply voltage V GK is 5 volts, the gate voltage of each 
light- emitting thyristor is determined by the network 

20 consisting of the load resistors R L and the diodes D. The 
gate voltage of an thyristor nearest to the light-emitting 
thyristor T 0 drops most, and the gate voltages of those 
thyristors rise as they are further away from the light- 
emitting thyristor T 0 . 

25 The voltage reducing effect works only in the rightward 

direction from the light-emitting thyristor T 0 due to the 
unidirectionality and asymmetry of diode characteristics. 
That is, the gate electrode G +1 is set at a higher voltage 
with respect to the gate electrode G 0 by a forward rise 

30 voltage V di£ of the diode, while the gate electrode G +2 i- s set 
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at a higher voltage with respect to the gate electrode G +1 by 
a forward rise voltage v dif of the diode. On the other hand, 
current does not flow in the diode on the left side of 
the light -emitting thyristor T 0 because the diode D_ x is 
5 reverse-viased. As a result, the gate electrode G_ x is at 
the same potential as the supply voltage V GK . 

Although the next transfer clock <)> l is applied to the 
nearest light-emitting thyristor T +1 , T_ x ; T +3 , T_ 3 ; and so on, 
the thyristor having the lowest turn-on voltage among them is 

10 T +1 , whose turn-on voltage is approximately the gate voltage 
of G +1 + V dif , about twice as high as V dif . The thyristor 
having the second lowest turn-on voltage is T +3 , about four 
times as high as V dif . The turn-on voltage of the thyristors 
T_ x and T_ 3 is about V GK + V di£ . 

15 It follows from the above discussion that by setting the 

high-level voltage of the transfer clock ^ to a level about 
twice to four times as high as V dif , only the light-emitting 
thyristor T +1 can be turned-on to perform a transfer 
operation. 

20 Fig. 24 shows an equivalent circuit diagram of a third 

fundamental structure of the self-scanning light-emitting 
device. According to the structure, a transfer portion 40 
and a light -emitting portion 42 are separated. The circuit 
structure of the transfer portion 40 is the same as that 

25 shown in Fig. 23, and the light -emitting thyristors '"T_ lt T 0 , 
T+i, T +2 *" are used as transfer elements in this embodiment. 

The light -emitting portion 42 comprises writable light- 
emitting elements L_ 2 , L 0 , L +1 , L +2 ••• , each gate thereof is 
connected to the gate ••*G_ 1 , G 0 , G +1 --- of the transfer elements 

30 "'T_ ir T 0 , T +1 , T +2 , respectively. A write signal S in is applied 
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to all of the anode of the writable light-emitting elements. 

in the following, the operation of this self -scanning 
light- emitting device will be described. Assuming that the 
transfer element T 0 is in the ON state, the voltage of the 
5 gate electrode G 0 lowers below the supply voltage V GK and to 
almost zero volts. Consequently, if the voltage of the 
write signal S in is higher than the diffusion potential 
(about 1 volt) of the pn junction, the light-emitting element 
L 0 can be turned into a light-emission state. 

10 On the other hand, the voltage of the gate electrode 

is about 5 volts, and the voltage of the gate electrode G +1 
is about 1 volt. Consequently, the write voltage of the 
light-emitting element L_ x is about 6 volts, and the write 
voltage of the light-emitting element L +1 is about 2 volts. 

15 It follows from this that the voltage of the write signal S in 
which can write only in the light-emitting element L 0 is a 
range of about 1-2 volts. When the light-emitting element 
L„ is turned on, that is, in the light -emitting state, the 
voltage of the write signal S in is fixed to about 1 volt. 

20 Thus, an error of selecting other light-emitting elements can 
be prevented. 

Light emission intensity is determined by the amount of 
current fed to the write signal S in , an image can be written 
at any desired intensity. In order to transfer the light - 
25 emitting state to the next element, it is necessary to first 
turn off the element that is emitting light by temporarily 
reducing the voltage of the write signal S in down to zero 
volts . 

INDUSTRIAL APPLICABILITY 
30 According to the present invention, a light -emitting 
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thyristor having an improved luminous efficiency may be 
provided, and furthermore a self -scanning light -emitting 
device composed of an array of light-emitting thyristors of 
the present invention and having a self-scanning function may 
be provided. 
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CLAIMS 

1. A light -emitting thyristor, comprising : 

a GaAs substrate ; and 

a GaAs buffer layer provided on the GaAs substrate ; and 
5 four layers consisting of a first conductivity type of 

AlGaAs layer and a second conductivity type of AlGaAs layer 
stacked alternately on the buffer layer; 

wherein the AlGaAs layer just above the buffer layer is 
composed of a plurality of AlGaAs layers, Al compositions 
10 thereof being increased upward in steps. 

2. The light-emitting thyristor of claim 1, wherein a quantum 
well layer or a strained superlattice structure is inserted 
into the uppermost layer of the plurality of AlGaAs layers . 

15 

3. A light -emitting thyristor, comprising : 

a GaAs substrate ; and 

a GaAs buffer layer provided on the GaAs substrate ; and 
four layers consisting of a first conductivity type of 
20 AlGaAs layer and a second conductivity type of AlGaAs layer 
stacked alternately on the buffer layer; 

wherein the Al composition of the AlGaAs layer just 
above the buffer layer is increased upward continuously. 

25 4. The light -emit ting thyristor of claim 3, wherein a quantum 
well layer or a strained superlattice structure is inserted 
into the AlGaAs layer just above the buffer layer. 

5. A light-emitting thyristor, comprising : 
30 a GaAs substrate ; 
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a GaAs buffer layer provided on the GaAs substrate ; and 
four layers consisting of a first conductivity type of 

AlGaAs layer and a second conductivity type of AlGaAs layer 

stacked alternately on the buffer layer; 
5 wherein a quantum well layer on a strained superlattice 

structure is inserted between the buffer layer and the 

AlGaAs layer just above the buffer layer, or into the AlGaAs 

layer just above the buffer layer. 

10 6. A light -emit ting thyristor, comprising : 
a substrate ; and 

four layers consisting of a first conductivity type of 
semiconductor layer and a second conductivity type of 
semiconductor layer stacked alternately on the substrate; and 
15 wherein an uppermost layer from which light is emitted 

comprises material selected from a group consisting of InGaP, 
InGaAsP, and AlGalnP. 

7. The light-emitting thyristor of claim 6, wherein the 
20 composition of the selected material is adjusted so as to be 

lattice matched with the material of the substrate. 

8. The light-emitting thyristor of claim 7, wherein the 
material of the substrate is GaAs. 

25 

9. A light-emitting thyristor, comprising : 

a p-type anode layer ; 

an n-type gate layer formed adjacent to the p-type anode 
layer ; 

30 a p-type layer formed adjacent to the n-type gate 
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layer ; and 

an n-type cathode layer formed adjacent to the p-type 
gate layer ; 

wherein an impurity concentration of at least the part 
5 of the anode layer near the n-type gate layer is lower than 
an impurity concentration of the n-type gate layer. 

10. The light-emitting thyristor of claim 9, wherein the 
impurity of the anode layer is Zn. 

10 

11. The light -emitting thyristor of claim 9, wherein the 
impurity of the anode layer is Zn, and the impurity of the n- 
type gate is Si. 

15 12. A self-scanning light-emitting device, comprising: 

a structure in which a plurality of light-emitting 
elements each having a control electrode for controlling 
threshold voltage or current for light-emitting operation are 
arranged, the control electrodes of the light-emitting 

20 elements are connected to the control electrode of at least 
one light- emitting element located in the vicinity thereof 
via an interactive resistor, and a plurality of wirings to 
which voltage or current is applied are connected to 
electrodes for controlling the light emission of light - 

25 emitting elements, 

wherein the light-emitting element is a light -emitting 
thyristor as set forth in any one of claims 1-11. 

13. A self-scanning light-emitting device, comprising: 
30 a structure in which a plurality of light- emitting 
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elements each having a control electrode for controlling 
threshold voltage or current for light-emitting operation are 
arranged, the control electrodes for the light -emitting 
elements are connected to the control electrode of at least 
5 one light-emitting element located in the vicinity thereof 
via an electrically unidirectional element, and a plurality 
of wiring to which voltage or current is applied are 
connected to electrodes for controlling the light emission of 
light -emitting elements , 
10 wherein the light-emitting element is a light -emitting 

thyristor as set forth in any one of claims 1-11. 

14. The self-scanning light-emitting device of claim 13, 
wherein the electrically unidirectional element is a diode. 

15 

15. A self-scanning light-emitting device, comprising : 

a self -scanning transfer element array having such a 
structure that a plurality of transfer elements each having a 
control electrode for controlling threshold voltage or 

20 current for transfer operation are arranged, the control 
electrodes of the transfer elements are connected to the 
control electrode of at least one transfer element located in 
the vicinity thereof via an interactive resistor, power- 
supply lines are connected to the transfer elements by 

25 electrical means, and clock lines are connected to the 
transfer elements, and 

a light -emitting element array having such a structure 
that a plurality of light-emitting elements each having a 
control electrode for controlling threshold voltage or 

30 current are arranged, the control electrodes of the light- 
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emitting element array are connected to the control 
electrodes of said transfer elements by electrical means, and 
lines for applying current for light emission of the light- 
emitting element are provided, 
5 wherein the light-emitting element is a light-emitting 

thyristor as set forth in any one of claims 1-11. 

16. A self-scanning light -emitting device, comprising : 

a self-scanning transfer element array having such a 

10 structure that a plurality of transfer elements each having a 
control electrode for controlling threshold voltage or 
current for transfer operation are arranged, the control 
electrodes of the transfer elements are connected to the 
control electrode of at least one transfer element located in 

15 the vicinity thereof via an electrically unidirectional 
element, power-supply lines are connected to the transfer 
elements by electrical means, and clock lines are connected 
to the transfer elements, and 

a light-emitting element array having such a structure 

20 that a plurality of light-emitting elements each having a 
control electrode for controlling threshold voltage or 
current are arranged, the control electrodes of the light- 
emitting element array are connected to the control 
electrodes of said transfer elements by electrical means, and 

25 lines for applying current for light emission of the light- 
emitting element are provided, 

wherein the light-emitting element is a light -emitting 
thyristor as set forth in any one of claims 1-11. 

30 17. The self-scanning light-emitting device of claim 16, 
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ABSTRACT 

A light -emitting thyristor having an improved luminous 
efficiency is provided. According to the light -emitting 
thyristor, a p-type AlGaAs layer and an n-type AlGaAs layer 
are alternately stacked to form a pnpn structure on a GaAs 
buffer layer formed on a GaAs substrate, and Al composition 
of the AlGaAs layer just above the GaAs buffer layer is 
increased in steps or continuously. 
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is claimed: 

fPrior Foreign Application(s) 



^Number) 
2 1 1 -234 y 



(Number) 
1 1 -238,1 1 0 



(Country) 

JAPAN 
(Country) 

JAPAN 



hereby claim the benefit under 35 U.S.C. 
application(s) listed below. 



23/08/1 999 
(Day/Month/Year Filed) 
23/08/1 999 
(Day/Month/Year Filed) 

25/08/1 999 

§ 119(e) of any United States provisional 



Priority Not Claimed 

□ 
□ 



(Application Number) 



(Filing Date) 



(Application Number) 



(Filing Date) 



I hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s), or 365(c) of 
any PCT International application designating the United States, listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in the prior United States 
or PCT International application in the manner provided by the first paragraph of 35 U.S.C. §112, 
I acknowledge the duty to disclose information which is material to patentability as defined in 37 
CFR § 1.56 which became available between the filing date of the prior application and the 
national or PCT international filing date of this application: 



•m PTO/SB/01 (6-95)[R&P] 



Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 



Page 2 of"2 



(Application Number) (Filing Date) (Status - patented, pending, abandoned) 



(Application Number) 



(Filing Date) 



(Status - patented, pending, abandoned) 



Louis W. Boardell 
lan M. Hughes 
Basil S. Krikelis 



Reg.No. P40.506 
Reg.No. P41.083 
Reg.No. P41.129 



POWER OF ATTORNEY: As a named inventor. I hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith: 

Paul P. Prestia Reg.No. 23,03 1 Lawrence E. Ashery Reg.No. 34,515 

Allan Ratner Reg.No. 19,717 Christopher R. Lewis Reg.N o. 36,201 

Andrew L. Ney Reg.No. 20,300 Steven E. Koffs Reg.No. 37,163 

Kenneth N. Nigon Reg.No. 31,549 Anthony L. DiBartolomeo Reg.No. 37,308 

Kevin R. Casey Reg.No. 32,117 Allan M. Wheatcraft Reg.No. 36,307 

Guy T. Donatiello Reg.No. 33,167 Anthony Grillo Reg.No. 36,535 

Benjamin E. Leace Reg.No. 33,412 Leon Nigohosian. Jr. Reg.No.,3^791 

James C Simmons Reg.No. 24,842 Jonathan M. Waldman Reg.No.JM£L8§l, 

Address all correspondence to: Kenneth N. Nigon 

Ratner & Prestia. Suite 301. One Westlakes. Berwyn, P.O. Box 980, Valley Forqe^PA 19482-0980^ 
Address all telephone cafls~to: Kenneth N. Nigon at (610) 407-0700. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



Full name of sole or first inventor (given name, family name) _ 



Inventor's signature 
Residence Osaka-shi, 
Citizenship 



Date A P ril 2 ' 



JAPAN 



Post Office Address c/o Nippon Shee t Glass Co Ltd 5-; M , Dosho-machi 
3-chome, Chuo-ku, Osaka-shi, OSAKA 541-0045 JAPAN 



iFull name of second joint inventor, if any (given name, family name) Sei j i OHNO _ 
AKA QtCKs 



Second Inventor's signature 

Residence Osaka-shi, 
Citizenship 



Date April 2, 2001 



JAPAN 



P^f nnice Address c/o Nippon Shee t Glass Co., Ltd., 5-11, Dosho-machi 
3-chome, Chuo-ku, Osaka-shi, OSAKA 541-0045 JAPAN 



□ 



Additional inventors are being named on separately numbered sheets attached hereto. 
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